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Drain-source l eakage  c u r r e n t  changed on ly  a few nar:oaxps 
and g a t e  l eakage  w a s  n o t  found t o  change a t  a l l  w i t h  a dose of 
105 r a d s .  The lower l i r n i t  or" t h e  i n s t r u m e n t a t i o n  used  for t h e s e  
t e s t s  was o n l y  10-9 amps. 

shown i n  F i g u r e  2 (VGs = 20 V) and F i g u r e  3 (VGs = 1 0  V )  u s i n g  
COG' gair-nnz rzzys. 
d i f f e r e n t  d e v i c e s  w i t h  changes i n  g a t e - t h r e s h o l d  v o l t a g e  2s a 
f u n c t i o n  of 2 Xev electror,  dose .  Figu1-2 5 is s imi l a r  d a t a  
ob-kained w i t h  22 Xev p r o t o n s .  I'i s h c u l d  be noted  t h a t  each  
daka p o i n t  shown on zll CUTVGS i!? F i g u r e  1 through F i g u r e  5 
zrs zn avsrege 02 t h r e e  IKW'E'l's on a s i n g l e  m o n o l i t h i c  b l o c k ,  
V i t h o u t  e x c e p t i o n  a l l  t h r e e  t r acked  e x c e p t i o n a l l y  clqse, ( w i t h i n  
z fern p e r c e n t ) .  T h i s  u n i f o r m i t y  of i n d i v i d u a l  XOSFETs w a s  
c o n s i s t a n t  evsn  when VGT exper ienced  very  d r a s t i c  changes w i t h  
dose .  
d i f f e r e n t i a l  analog c i r c u i t r y  i n  a r a d i a t i o n  environment .  

a re  d i g i t a l  and des igned  t o  tolerzte  s e v e r a l  v o l t  s h i f t  i n  VGT. 
The  nost c r i t i c a l  c i r c u i t s  s u c h  z s  t h e  t e l e m e t r y  c l o c k  and 
A/C c o n v e r t e r  2re b u r i e d  deep i n  the e l e c t r o n i c  package t o  
b e c e f i t  from t h e  s h i e l d i n g  offered by other l e s s  impor tan t  and 
l e s s  s e r i s i t i v z  c i r c u i t  modules.  Enough s h i e l d i n g  is added t o  
~ l l e  t ~ - L ; 2 1  e l e c t r o n i c  package ' i o  i n s u r e  t h a t  t h e  i n t e r n a l  e l e c t r o n  
6 ~ s e  does ~-.ot e2:cezd 1011 e lec t rons /cm2/year  or i n  t h e  ctzse of 
t h e  l u n a r  ZXPs I>&E no t  rmre thzn i O - L o  p ro tons /cn2  p e r  y e a r .  
There  is a l w a y s  t h e  poss ib i l i -Ly  t h a t  s o l a r  a c t i v i t y  d u r i n g  
1966 s.nd 126'7 cou ld  enhance the r a d i a t i o n  environment  t o  reduce  
she smzz i l  margin of s a f e t y  now es'iirnated; however, u p  u n % i l  
s p i n  balaricz p r i o r  t o  launch  there  w i l l  be t h e  o p p o r t u n i t y  to 
e v a l u a t e  t h e  s i t u a t i o n  azd zdd a d d i t i o n a l  s h i e l d i n g ,  i f  r e q u i r e d .  
F o r t u n z t e l y ,  t h e  l u n a r  IXP-D~LE which  h a s  t h e  g r e a t e s t  weight  
l i x i t a t i o n  h a s  t h e  g r e a t e s t  margin of s a f e t y  i n  terms of eXpZC%ed 
dose. 

Although EO c o n c e n t r a t e d  work is now underway a t  GSFC to 

The e f f e c t s  of g a t e  v o l t a g e  on two d i f f e r e n t  d e v i c e s  are  

F i g u r e  4 s h o w s  combined cu rves  of three 

The x o c o l i t h i c  c d n s t r u c t i o n  may o f f e r  t h e  s o l u t i o n  f o r  

hlOSFET a 2 p l i c a t i o n  in the IX? encoder  systems r" however 
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. _  determine  tfie f a i l u r e  nechanism of P-channel hfOSFETs w i t h  
iz-radiat ion:  o c c a s i o n a l l y  we have t h e  o p p o r t u n i t y  t o  i n v e s t i g a t e  
p r o p e r t i e s  of t h e  dsm2ged u n i t s .  oFor example, a number of 
d e v i c e s  have been annea led  a t  280 C t o  conf i rm t h e  SUSpiciOll 
il,it t h e  damage is no t  i n  t h e  n a t u r e  of bulk damags b u t  i n s t e a d  
fixst be r e l a t e d  to 2. surface pkenomenon. 
p lanned  'GO shed  more l i g h t  Gn t h i s  s u b j e c t .  
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F u t u r e  t e s t i n g  is 
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KINETIC ENERGY ( MEV/NUCLEON 
Figure 7. The composite energy spectra of nuclei from protons to oxygen from 

25 Mev/nucleon to 1 Bev/nucleon. The proton spectrum i s  from IMP 111. 
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